Abstract: Many research articles have been published about people's perceptions and acceptance of eating insects as novel foods in Western countries; however, only a few studies have focused on Australian consumers. The aim of this work is to explore attitudes towards edible insects of younger Australians (Millennials and Generation Z) with data collection carried out in Sydney, Australia. Two representative surveys were conducted in 2018 and 2019 using open-ended questions. The main findings suggest that there is low willingness to accept edible insects as a meat substitute among Australian consumers, due mainly to the strong psychological barriers such as neophobia and disgust, combined with a perception about threats to masculinity. Environmental and nutritional benefits, even when recognised, do not seem to influence consumers to consider insects as a food alternative. In the near future, as young people become more aware of sustainability and climate change issues related to food production, the impact of the potential benefits of insects might grow. Furthermore, a positive sensory experience might improve the acceptability of insects as food. Introducing new processed, insect-based products may help establish familiarity with such novel food options and open up new business opportunities.
Introduction
The world population is projected to grow from some 7.3 billion today to almost 9.8 billion by 2050 [1], which will consequently increase the global food demand [2, 3] . One of the greatest challenges in the sustainability debate is the impact of the food system and our dietary choices on the natural environment [4, 5] , with an expected further global shift to diets rich in animal products and as a result higher protein demand in the near future [6] .
Traditional animal protein sources require more inputs to be produced and often cause greater environmental damage (e.g., greenhouse gas emissions, loss in biodiversity, and other negative consequences for the ecosystem) compared to vegetable-based foods [7, 8] . Thereby, a quest for more alternative animal protein sources is expected to become a considerable issue in the food supply chain [9, 10] , with more sustainable novel options to help mitigate climate change [11] . One such new food source, which has already drawn attention in the scientific community, private sector, and among the general public, is edible insects [2, 12] . After the 2013 publication "Edible insects, future prospects for food and feed security" by the Food and Agriculture Organization (FAO) of the United Nations [13] , a growing interest and an increased number of studies appeared on the potential acceptability of insects as a "food of the future" [12, 14, 15] . In general, insects are considered to have several nutritional benefits such as high content of proteins, unsaturated fatty acids, and micronutrients [16] , with a considerable nutrient variation depending on the feed composition used during the rearing process [17] .
Insects as Food in Australia
First of all, in Australia, insects are already allowed to be used as a protein source in the agricultural system as part of the feed for farmed animals under the regulations of the Australian Pesticides and Veterinary Medicine Authority (APVMA) [30] . Globally, in recent years, there has been growing interest in the composition of dietary feeds using insect meals for many different animal species [31] . Further research will allow to better understand the effects of different dietary compositions on the organoleptic properties and quality of the final meat products as well as consumer acceptance [31] .
When it comes to people eating insects, even though entomophagy can be considered a traditional practice among Aborigines, many edible insects are legislatively categorised as a novel food in Australia [32] . In particular, the food regulatory system categorises insects into three categories: (1) traditional food; (2) non-traditional food that is non-novel; or (3) authorised novel food [30] . Edible insects listed in the category of non-traditional/not-novel food (i.e., food that does not have a history of human consumption but for which no safety risks have been identified) are: Zophobas morio (super mealworm), Achaeta domestica (house crickets), and Tenebrio molitor (mealworm beetle) [32] . For all other species of insects, if a producer wants to sell them as food products or ingredients, exclusive permission needs to be obtained from Food Standards Australia and New Zealand (FSANZ) [29] .
In recent years, there has been a lot of media and marketing activities promoting insects as an alternative source of protein food. The Sydney-based Edible Bug Shop company [33] sells insect-based food products online, in health shops, at popular events (e.g., the Naturally Good Expo and the Royal Show), and through direct sales to restaurants. Many Sydney residents and visitors in the city's central area have been offered free samples. An overview of the existing studies carried out so far about consumer perception and acceptance of entomophagy in Australia is presented in Table 1 .
One of the first studies to provide participants with an insect product to eat (i.e., roasted cricket and biscuit with insect flour) was done in Australia by Lensvelt and Steenbekkers [26] . Since then, there has been a growing number of studies worldwide that have used sensory testing (e.g., check-all-that apply test, hedonic test, and other techniques) to investigate consumers' acceptance and organoleptic parameters of edible insects as food (e.g., Tenebrio Molitor and house cricket in Caparros Megido et al. [34] , house cricket in Sogari, Menozzi, and Mora [35] ) and insect-based products (e.g., tortilla chips made with cricket flour in Hartmann and Siegrist [14] , insect-based burger in Schouteten et al. [36] and Tan et al. [37] ). Most of the results show that a sensorial strategy can foster the willingness to try insects and make people more familiar with such new products. The majority of the participants objected to the practice of insect eating, which is considered not natural and evokes disgust. Most people discussed the insect dilemma as a choice or necessity. The authors suggest that the use of different names for insect-based food products as well as their preparation might decrease the level of disgust, thus increasing the general willingness to try them.
Castro and
Chambers IV (2018) [39] Country: Australia and 12 other countries worldwide International survey (n = 630 per country)
Determine the impact of adding insect-based products to a brand's portfolio
The authors found that in Australia, the disgust factor might affect or impact brand equity. People most likely will stop buying products from companies knowing that insect powder has been used in another product from the same brand. Other barriers to acceptance were religion, as well as the perception that insects carry diseases and cause allergic reactions.
Chan (2019) [40] Country: Australia Three studies (n = 202; n = 155; n = 204)
Examine the possible impact of mindfulness on the willingness to try insect-based foods
The results suggest that mindfulness (that is, the state of being aware) may increase the disgust and lower the willingness to try eating insects.
Lensvelt and Steenbekkers (2014) [26] Country: Australia and the Netherlands Online survey, choice and tasting experiment (survey n = 209, 134 + 75, experiment n = 133)
Understand the main factors involved in consumers' attitudes toward eating insects Participants were not aware of the benefits of entomophagy, however, notably, they liked the taste of roasted crickets and biscuits with insect flour. The results indicate that information is seen as trustworthy when provided by scientific researchers, people using the product, the government and well-known relatives, but not when it is promoted by food producers or famous persons.
Myers and
Pettigrew (2018) [27] Country: Australia Interviews (n = 77)
Explore the attitude towards entomophagy among senior people (60 years and over)
Food safety and hygiene might help in accepting insects as food among older consumers. Appropriate strategies to enjoy the practice of entomophagy should include teaching how to cook insect dishes.
Wilkinson et al.
(2018) [28] Country: Australia Online survey (n = 820)
Investigate the awareness and acceptance of insects as food among Australians
Taste, appearance, and safety were identified as the main factors which shape the willingness to try eating insects. Food neophobia is confirmed as one of the main traits in consumer behaviour towards entomophagy.
Materials and Methods

Participants
Two online surveys were conducted in Sydney, Australia in May 2018 and in March 2019, respectively, with 227 and 328 respondents. The participants were randomly recruited from a database of 30,000 Sydney residents who have voluntarily enlisted as willing to participate in surveys, controlling for age (range between 18-40, which are considered members of Gen Y and Gen Z). This is an exploratory qualitative study and no quantitative information was collected except sample demographic attributes and frequencies of meat consumption. The first sample was representative of the Sydney population with a 6.5% confidence interval width at the 95% confidence level, while the representativeness of the second sample was improved, with a smaller 5.4% confidence interval width at the 95% confidence level.
The Questionnaire
The questions were open-ended with some relevant suggestion probes without restricting the possible answers. This allowed the participants to freely explore and present their views on the topic of edible insects. The questions were clearly formulated and easy to understand in order to ensure participants' interest in engaging with the study and completing the entire questionnaire. The response rates were relatively high: 76% for the 2018 Survey and 75% for the 2019 Survey. A response rate of 75% is considered appropriate to exclude possible bias from both respondents and non-respondents to the survey [41, 42] .
Participants were required to answer the following questions:
• What is your opinion about edible insects as an alternative food source? • What may influence you to include edible insects and insect-based products, such as cricket flour or edible insects-filled chocolate bars, in your diet?
The data gathered were in the form of verbatim comments and direct quotations and were analysed both manually using researcher discretion and with the help of the computer-assisted qualitative data analysis software Nvivo11 (QSR International, Victoria, Australia) [43] . The frequencies of occurrence of particular expressions were coded to produce manageable categories describing the factors affecting consumer behaviour in the food domain. Using an adapted version of the model by Marinova and Bogueva [44] , which describes the factors impacting consumer behaviour in relation to food choices, the categories were grouped under taste experience, psychological, health, environment, and marketing factors.
Results
Sample Characteristics
Before analysing the opinions expressed, the main demographic characteristics of the two samples are described (Table 2) . In both surveys, there were almost equal proportions of male and female respondents. The two main age groups almost equally represented in the surveys were: 18 to 24 years old who were becoming economically independent and 25 to 40 years old who have already established themselves, particularly in the workplace. In general, the demographic characteristics were representative of the broader Sydney population. We could not identify any major discrepancies which could have alerted us to the presence of a self-selection bias.
Additional descriptive information collected at the beginning of the surveys relates to respondents' frequencies of meat consumption. Meat-eaters (i.e., daily consumers) dominate the two samples, which is representative of the general population and aligns with evidence from other sources, such as the Roy Morgan poll [45] . 
Factors Affecting Consumer Opinion about Edible Insects
The analysis identified several reasons which might shape people's opinions and attitudes about consuming edible insects. This section examines them one by one, using direct quotes from the surveys.
Taste Factor
First, tasting evaluation (i.e., sensory properties) is one of the key aspects in the consumer decision-making process for food products [46] and is mostly based on previous experience. In the absence of real experiences of eating edible insects, expected perception becomes a very strong factor in shaping what the taste might be.
There were a few participants (n = 10) in the surveys who mentioned having real experience with eating insects. These experiences were used by a small fraction of the respondents who are in favour of encouraging entomophagy, 10% and 7% in the 2018 and 2019 surveys, respectively (see Table 3 ). Table 3 . Tasting factors: real experience versus imagination of eating insects.
Real Experience of Eating Insects Expected Experience of Eating Insects
"I've been in India and Indonesia and I haven't eaten many insects, but the ones I have tried surprisingly for me were quite tasty. I think we should reconsider our lack of interest for edible insects and include them in our foods." (Male, 35 years) "I never tried them and never will do. No particular reasons-just I can't open my mouth and put an insect inside, even a chewable insect." (Female, 19 years) "I love insects as I tried some in Cambodia a year ago-not sure what was, crickets or some sorts of larvae, but they were fried and crunchy. I think if people know more about them and especially if they taste them, they will love it." (Male, 28 years) "I don't think real insects to be used as part of our normal diet will be accepted by our society. People are definitely aware that they can eat them, but they can't put them in their mouth." (Female, 20 years) Table 3 . Cont.
"Regarding insects, I have tried on holidays in Asia, but never considered to make them part of my diet. I'm not reluctant and don't think this is weirder than eating other animals but I wouldn't know where to buy them." (Male, 29 years) "Not sure I will enjoy anything that is based on moving creatures. I imagine they are kind of crawling and flying around. I don't believe they will be something easily digestible for me and I will always have the feeling they are moving inside me." (Female, 19 years) "I have eaten crickets in fried rice in India and was crunchy and tasty." (Female, 36 years) "The name gives me an unpleasant sensation. It is not [just] a feeling of something yucky you have to consume, but also the feeling something is creepily crawling inside you after being wrongly swollen." (Female, 37 years)
Psychological Factor
The main categories identified under psychological factors affecting the consumption of edible insects are concerns about perceptions of masculinity, conspiracy theories, and the concept of neophobia and disgust. Some participants (n = 27) revealed perceptions that consuming edible insects is a great and unwanted threat to masculinity and manliness, often joined with a sense of fear (see Table 4 ). These concerns were expressed only by the male participants, all of whom were not in a position to contemplate replacing meat with insects (e.g., "real men eat meat and not insects"). Table 4 . Psychological factor: masculinity.
Masculinity Comments
"Edible insects will be even worse than eating tofu or something like tofu. You will be not a real man if you dare to eat insects." (Male, 22 years) "Meat is power, masculine strength I enjoy the most. Edible or not-edible insects are novelty for me but deeply inside me I believe they are less masculine than meat." (Male, 32 years) "I am a man and I like the taste, the smell, the blood, if you want, of the real juicy meat, not the imitation." (Male, 22 years) "It is not [a] common thing in our culture to consume insects and also not so masculine thing to consider." (Male, 23years)
A new trend which emerged in the 2019 Survey is that the social movement for eating insects is the result from some kind of a conspiracy, as referred to by 4% of the respondents (see Table 5 ). It is interesting to observe that several of the supporters of a "conspiracy theory" are also climate change deniers. Other voices cast doubts about eating insects based on a lack of open information and hidden profit-making business interests. Table 5 . Psychological factor: conspiracy theory.
Conspiracy Theory
"Why it is important for us to consume edible insects? I am sure that behind this idea stays some powerful lobby group or an organisation that wants to promote their products. I am not buying it." (Female, 35 years) "There is something secretive behind pushing us suddenly to eat edible insects and other creatures." (Male, 35 years) "I hope they are not planning to put insect-based ingredients in our meal options, sausages, burgers. As consumers, we are less perturbed if the products are well-labelled and not hidden insect-based ingredients are included." (Female, 40 years) Most of the participants expressed highly negative associations with the idea of considering insects as food. Strong words, such as "disgust", "detestation", "revulsion", "dislike", "vomit", "nuisance", and "neophobia" were used (Table 6 ). For example, many people used the most basic expression for disliking food-yuck, and felt the need to repeat it (e.g., "yuck, yuck"). The 2019 Survey also generated two distinctive reasons for the feeling of disgust, namely, the inability to contemplate introducing an insect into one's mouth and a creepy-crawly feeling. Table 6 . Psychological factor: sense of disgust.
Sense of Disgust
"Insects, worms, larvae, crickets they are all nuisance that can't be forgotten as they always provoke negative feelings, nausea and a big aversion." (Male, 22 
Health Factor
The opinions around the health value of insects as a source of food were divided between those who believed that there was some nutritional value in this dietary choice and those who expressed safety concerns about the spread of diseases and other unhealthy impacts (Table 7 ). In total, there were more people who perceived positive benefits on human health (n = 33) than those who considered possible negative impacts (n = 10). Furthermore, some participants mentioned fear about their own health because of insects being a dangerously unhealthy food option. In the 2019 Survey, there were many references to insects being consumed in non-Western countries as a healthy food choice. The reasons why edible insects may be good for human health ranged from their nutritional value as a source of protein, to containing fibre and other nutrients.
Broader sustainability considerations which link environmental and human health were also expressed. Nevertheless, there were still admissions of skepticism about insects as food, with respondents using words, such as "probably", "maybe", and "could be seen as really good".
Environment Factor
The three main environmental factors which transpired through the direct quotes pertained to (1) less greenhouse gas emissions, (2) sustainable farming of insects, and (3) a better environment for the planet (Table 8) . Quite a few of the respondents made the point that eating insects is a more sustainable option than current patterns of high meat consumption. These respondents appeared to be aware of the serious negative environmental impacts associated with livestock [47] and this forced them to make the comparison with entomophagy. 
Marketing Factor
Based on the work of Baker, Shin and Kim [48] , the surveys linked the influence of marketing on individual consumer behaviour and food choices through two categories, namely, the visual and descriptive presentations of edible insects (Table 9 ). Table 9 . Marketing factors.
Visual Presentation Descriptive Presentation
"I think it's the same as eating weird things like oysters, snails, mussels. Edible insects can taste very nice when they are properly cooked and served in a pleasant for the eyes way." (Female, 39 The image of insects was a major concern in order to deal with the feeling of disgust and the sensory barrier identified earlier. For most of the participants, the presentation should essentially aim at hiding the visibility of the insect bodies so that the taste and eating experience become the dominant feature of these foods.
Vegetarians and Entomophagy
A recent study by Elorinne et al. [49] showed how vegans, non-vegan vegetarians, and omnivores hold different intention regarding eating insects. In particular, non-vegan vegetarians held the most positive attitude toward entomophagy, whereas vegans felt more strictly that it was morally wrong to include edible insects (i.e., meat consumption) as an eating practice. Interestingly, both non-vegan vegetarians and omnivores have the same opinions about the benefits of entomophagy as a possible solution to address malnutrition worldwide.
In our study, a small proportion of the two Sydney population samples were vegetarian-8% in 2018 and 7% in 2019. All vegetarians pointed out their concerns about the natural environment as being at the heart of the justification for insect-based food alternatives, particularly in comparison to traditional meat production. They also linked it to greenhouse gas emissions as a way that "could be used to combat the planet's current and imminent climate change situation" (Table 10 ). Table 10 . Vegetarians about eating insects, 2019 Survey.
"Although I don't consume meat I think it is important to consider insects as an option as they are grass-feeder and also our population will be getting larger and larger, and our only and necessary choice apart from our current food will be to choose insects. That is why I think that we all should consider eating insects." (Male, 40 years) "I am vegetarian, not so strict as I am eating cheese and eggs, but I believe we need the edible insects as solution to reduce the environmental problems caused by livestock production and intense factory farming." (Female, 21 years) "Edible insects and incest-based products are an interesting alternative to meat. Of course, it is far away from an option for a vegan like me but for many people consuming lots of meat will be [a] very good alternative and maybe [a] healthier alternative. It will contribute to the climate change agenda." (Female, 18 years)
Discussion
This study contributes new methods and new insights into the attitudes of young Australian consumers about entomophagy. In terms of methods, we utilised a large sample of respondents who answered open-ended questions, a technique not commonly used in other research on this topic. Such an approach was able to provide data with new understanding on the words and expressions associated with insect-eating and how they create broader opinions. By using this qualitative approach, some new insights (e.g., the roles of conspiracy theory and masculinity) emerged.
Overall, our findings suggest that even people who have expressed a willingness to try edible insects are highly unlikely to change their current preferred meat-based diets (e.g., "I know it is important for the sustainability but I rather decrease my other consumption than replacing it with insects"). Interestingly, no specific link between the current frequency of meat consumption and the openness to try entomophagy emerged.
Besides eating habits, culture, history, and geography play a significant role in how edible insects are perceived in different societies [22, 48] . First, as previous studies showed [35, 50] , many respondents believe that their relatives and close friends would not consider eating insects and would regard it as a "weird practice". Therefore, it seems clear that the role of social acceptance by peers and aquaintances is a significant predictor of willingness to try insects [51] and should be considered vital to increase acceptance (e.g., "I will try them as they were safely eaten by many people around the world").
As mentioned in the introduction, eating insects today is not considered part of the Australian diet, but entomophagy has always been present in the history of this place. Aboriginal people used to eat termites and grubs long before the British settlement in Oceania [22] and many continue to maintain this tradition. However, within the country's present complex cultural landscape, eating insects has not gained any popularity. Only one participant in our sample referred to the witchetty grub traditional practices of Aboriginal Australians consisting of consuming the wood-eating larvae of more than twenty species of moths [52] whose taste is described to be similar to scrambled eggs.
Our findings confirmed the role of psychological factors as being among the main barriers for acceptance. Most respondents reacted with disgust at the idea of ingesting living creatures that are associated with "eating rotten animal flesh" and other negative images. Disgust is commonly considered a basic emotion [53] , a severe feeling of dislike, which is strongly culturally influenced [54] . However, disgust is not literally equivalent to "bad taste" but is mostly shaped by beliefs about the nature or origin of the food, rather than the actual perceptual qualities. Disgust or sensitivity is also found to be strictly related to food neophobia and might be a barrier to the acceptance of new food [55] . Many recent studies [14, 56, 57] clearly indicate how the individual trait of food neophobia significantly and negatively affects the intention to taste and eat an insect-based product.
Such concerns suggest that education strategies should strengthen the difference between insects as food and the "moving", "crawling", and "flying" creatures in nature which people in the West associate with the term. We noticed, for example, the misconstrued perceptions that only insects are "moving creatures" and that people do not make such an association with common farmed animals. This may be explained by the idea that Western consumers typically think of insects as a pest rather than food. A few respondents expressed their concerns about communicable diseases that could be spread or transmitted by insects ("insects and especially crickets are pest [s] and are bad for our human health"). Therefore, it would be appropriate, before introducing insects in the food market, to start educating the population that edible insects, if properly processed, are a legitimate food source [48] .
We also found that younger respondents (e.g., Generation Z) were more willing to try edible insects based on better awareness about the environmental benefits of using this protein source compared to animal-based products. This should be taken into consideration by the industry and integrated with "socially responsible marketing," which takes into consideration the broader social good [58] , especially if the targeted consumers are environmentally conscious.
Moreover, the influence of the exisitng food culture is often not as strong among younger people than it is among older individuals. For people who already have an established diet, it will be more difficult to successfully change their habits and challenge rooted norms. In addition, our findings show that the perceived threat to masculinity is one barrier for the acceptance of this new food source as a meat replacement.
From a marketing point of view, our findings may help to better understand different target segments of potential customers in retail settings. Similar to the study by Baker et al. [48] for the US population, Australians who are more likely to try edible insects could be labelled by their segments of health and environmental conscious. For instance, people who considered eating insects a positive option as "the food of the future" based their justification predominantly on sustainability benefits in terms of land use, pressure on natural resources, and climate change vulnerability. Contrastingly, people who are climate change deniers are more likely to consider initiaves that encourage eating insects to be "conspiracy theories" which is a new finding not covered by previous studies. Regarding health conscious consumers, based on previous literature [51] , descriptive information which communicates nutritional benefits is likely to have an effect only on people highly interested in health.
Yet, even if nutritional values and environmental concerns are often used to promote insect-eating, it is important to consider how taste attributes are relevant to the overall acceptance [59] . Our study confirmed the results of Wilkinson et al. [28] , who suggest that Australian consumers would be more open if insects were processed and incorporated into familiar products (e.g., bakery products). This finding is also confirmed by other studies in Europe which show how familiarity with novel food might increase the appeal and likelihood of repeating the behavior [3, 34, 50, 57, 60] . Therefore, culinary innovation to create tasty insect-based food products with high sensory appeal may be a successful strategy to change negative beliefs and increase acceptance [48] .
Most respondents found edible insects to be considered disgusting, associated with contamination and health risk, such as diseases and allergic reactions [39] . However, a previous study by Lensvelt and Steenbekkers [26] shows that when insects were proposed as a food in a tasting session the participants did not think eating them posed risks to their health.
Interestingly, some respondents pointed out that consuming insects can be experienced as extreme (or unnecessary) food choices when other options exist. A few of them, mostly males, perceived eating insects as a way to rebel against existing practices. This is understandable given the age groups covered in this survey and the fact that younger generations are more inclined to challenge any status quos.
In contrast with some previous studies which have indicated that women have higher insect aversions than men [50, 51] , the gender effect was not found to be of significant importance. There were no substantial differences between men and women in developing opinions towards the acceptance of insects as food.
Conclusions
Only recently have Western countries faced the possibility of eating insects [13] and a number of studies has focused on consumers' perceptions and acceptance of such novel foods [24] . Our study aimed at understanding opinions about eating edible insects and insect-based products among a group of younger Australian adults.
Even if edible insects are considered one of the more sustainable responses to the increased need for animal-based protein, there is still a relatively low general readiness to adopt entomophagy as a meat substitute practice [51] . Our study suggests that there is strong prejudice and a lack of knowledge about edible insects among Sydney's residents which is reflected in the low willingness to consume them. Thereby, education and a less scary/shocking communication style by the media might help to reduce prejudice and increase consumers' knowledge about insects as food, including an understanding of how to prepare and consume them [4, 26, 61] .
However, the idea of edible insects as a food source might grow more prominent as young people become more aware of sustainability and climate change issues related to food production and consumption, as has been the case in recent years. In addition, including insect food products in diets will also depend on their availability, as well as familiarity and taste.
Therefore, further qualitative studies should take into consideration the use of images and/or the tasting of real products during interviews. These techniques can help contribute to a more realistic context of insect consumption and gather more accurate behaviour and views towards this practice. Moreover, for the specific context of Australia, it would be interesting to investigate how the history and food culture of eating insects by Indigenous people are influencing the current perceptions about this practice.
